A Gram-reaction-negative, aerobic, non-flagellated, rod-shaped and yellow-pigmented bacterium, designated strain SM1502 T , was isolated from Arctic seawater. The isolate grew at 10-40 C and with 0-8.0 % (w/v) NaCl. Phylogenetic analysis based on 16S rRNA gene sequences revealed that the isolate was affiliated with the genus Flavobacterium, with the highest sequence similarity (96.0 %) found with Flavobacterium suzhouense XIN-1 T . The major fatty acids of strain SM1502 T were iso-C 15 : 0 , iso- The genus Flavobacterium, the type genus of the family Flavobcteriaceae in the phylum Bacteroidetes, was proposed by Bergey et al.
The genus Flavobacterium, the type genus of the family Flavobcteriaceae in the phylum Bacteroidetes, was proposed by Bergey et al. [1] and the description has been extensively emended [2] [3] [4] . At the time of writing, the genus comprises 157 species (www.bacterio.net) isolated from very diverse habitats in various environments [5] [6] [7] [8] , including 15 polar species all from the Antarctic [9] [10] [11] [12] [13] [14] [15] [16] [17] . In this study, we report the taxonomic characterization of a Flavobacteriumlike strain, SM1502
T , isolated from Arctic seawater and the proposal to classify it as representing a novel Arctic species of the genus Flavobacterium.
Arctic surface seawater samples were collected from King's Fjord, Svalbard using sterile centrifugal tubes. Isolation of bacterial strains from samples was performed using the dilution-plating method on TYS agar [0.5 % tryptone (Oxoid), 0.1 % yeast extract (Oxoid), 1.5 % agar and artificial seawater (ASW, prepared with 3 % Sigma sea salts)] incubated at 15 C for 2 weeks. Isolates obtained were further purified by repeated streaking on TYS agar and were preserved at À80 C in TYS broth supplemented with 20 % glycerol. Strain SM1502
T was routinely cultured on TYS agar or in TYS broth at 25 C. Flavobacterium suzhouense CCTCC AB 2014200 T and Flavobacterium hauense CCTCC AB 2012197 T were used as reference strains for some chemotaxonomic and phenotypic tests and were routinely grown on R2A (Difco) agar or in R2A broth at 25 C.
Genomic DNA of strain SM1502 T was extracted using a BioTeke bacterial genomic DNA isolation kit. Primers 27F and 1492R [18] were used for 16S rRNA gene amplification from the extracted chromosomal DNA. The amplicon was gel-purified and sub-cloned into the TaKaRa (China) pMD 19 T vector, followed by sequencing using an ABI 3730 sequencer (Applied Biosystems). The obtained 16S rRNA gene sequence was compared to those in the GenBank and EzTaxon-e databases [19] using BLASTN [20] . Calculation of pairwise 16S rRNA gene sequence similarities with global alignment algorithm were performed via the EzTaxon server (www.ezbiocloud.net; [19] ). Sequences were aligned using MEGA software version 5.0 [21] . Phylogenetic trees were reconstructed with the same software using the neighbourjoining [22] , maximum-parsimony [23] and maximumlikelihood [24] methods. Evolutionary distances were calculated using Kimura's two-parameter model [25] . Tree topologies were evaluated by bootstrap analysis (1000 replications) [26] . T formed a separate phylogenetic sub-branch within a sub-clade in the Flavobacterium clade encompassed by six recognized species of the genus (Flavobacterium subsaxonicum, Flavobacterium rivuli and the four most closely related neighbours mentioned above), indicating that strain SM1502
T potentially represented a novel species of the genus Flavobacterium.
Cellular fatty acids were analysed following the instructions of the Sherlock Microbial Identification System (MIS; MIDI) using a gas chromatograph (model HP6890A; Hewlett Packard) and the Sherlock MIS software (version 4.5). For the examination, strain SM1502
T and Flavobacterium suzhouense CCTCC AB 2014200
T were both grown in MB (Difco) at 25 C for 24 h. Quinones were extracted as in Komagata and Suzuki [27] and identified using LC-MS (liquid chromatography-MS; containing a Dionex Ultimate 3000 HPLC and a Bruker Impact HD mass spectrometer).
Polar lipids were extracted according to the methods of Komagata and Suzuki [27] and separated using twodimensional TLC. Lipids were characterized by spraying different reagents [including ethanolic molybdophosphoric acid (total lipids), ninhydrin (aminolipids) and Zinzadze reagent (phospholipids)] onto the TLC plates. The genomic DNA G+C content of strain SM1502
T was determined by the thermal denaturation method of Marmur and Doty [28] using a Beckman DU800 spectrophotometer and genomic DNA extracted using the Marmur [29] method.
The major fatty acids (>5 %) of strain SM1502
T were iso-C 15 : 0 (23.2 %), iso-C 17 : 1 !9c (11.3 %), iso-C 15 : 1 G (10.9 %), C 15 : 0 (9.1 %), iso-C 17 : 0 3-OH (7.5 %) and unknown ECL 13.565 (5.7 %), with summed feature 3 (C 16 : 1 !7c/iso-C 15 : 0 -2OH, 4.6 %), iso-C 15 : 0 3-OH (4.0 %) and anteiso-C 15 : 0 (3.8 %) being the minor ones (>3 % but <5 %) ( Table 1) . This profile essentially resembled that of the type strain of Flavobacterium suzhouense, the closest phylogenetic neighbour (Table 1 ), but the proportion of summed feature 3 in strain SM1502
T was significantly lower than that in the type strain of Flavobacterium suzhouense (4.6 % versus 15.8 %, Table 1 ). The polar lipids of strain SM1502
T contained phosphatidylethanolamine as a major component and moderate amounts of an unidentified aminolipid and an unidentified lipid (Fig. S2) . Phosphatidylethanolamine was the major component common in the genus Flavobacterium [3] . The major quinone of strain SM1502 T was menaquinone-6 (MK-6), in line with known species of the genus Flavobacterium and the family Flavobacteriaceae [2, 30, 31] . The genomic DNA G+C content of strain SM1502 T was 37.0 mol%, a value within the range for the genus Flavobacterium (30-41 mol%) [6] but lower than those of the type strains of Flavobacterium suzhouense and Flavobacterium hauense, the two closest neighbours (Table 2) .
Cell morphology and flagella production were observed using a transmission electron microscopy (JEM-100CX-II, JEOL). Gram staining was performed using Hucker's method [32] . Growth at different pH (5.0-10, at 0.5 pH unit intervals, buffered by adding 50 mM MES, MOPS, Tris or CHES) and temperatures (4, 10, 15, 20, 25, 30, 35, 40 and 45 C) was examined in TYS broth. The NaCl concentration range (0-15 % with 0.5 % increments, w/v) for growth was investigated in a medium containing 0.5 % tryptone, 0.1 % yeast extract, 0.5 % MgCl 2 , 0.2 % MgSO 4 , 0.05 % CaCl 2 , 0.1 % KCl, 0.0001 % FeSO 4 and distilled water supplemented with appropriate amounts of NaCl. Growth under anaerobic conditions was examined in Hungate tubes containing TYS broth supplemented with cysteine hydrochloride (0.05 %, w/ v), sodium sulfide (0.05 %, w/v) and potassium nitrate (0.1 %, w/v). Oxidase activity was assessed using oxidase test strips (Merck). Catalase activity was tested through observing the bubble formation in 3 % (v/v) hydrogen peroxide solution. Gliding motility and flexirubin-type pigments 
Utilization of (API 20NE): were detected using methods described in Bernardet et al. [33] . The ability to hydrolyse DNA was checked using Oxoid DNase agar. Hydrolysis of agar, casein, egg yolk, starch and Tweens 20, 40, 60 and 80 were investigated as described by Smibert and Krieg [34] . Susceptibility to antibiotics was tested on TYS agar using the following antibiotic discs (Oxoid) (µg per disc, unless otherwise stated): ampicillin (10), chloramphenicol (100), gentamicin (10), penicillin G (10), kanamycin (30) , polymyxin B (300 U), tetracycline (30), vancomycin (30) and streptomycin (10) . Additional enzymatic activities and biochemical characteristics were determined using API ZYM and API 20NE strips (bioM erieux) following the manufacturer's instructions except that cells used to inoculate the strips were suspended in ASW.
Cells of strain SM1502 T were Gram-reaction-negative, nonflagellated rods (Fig. S3) . Anaerobic growth was not observed. Cells of the type strain are susceptible to ampicillin, chloramphenicol, penicillin G, tetracycline and vancomycin but resistant to gentamicin, kanamycin, polymyxin B and streptomycin. Other phenotypic characteristics including morphological, physiological and biochemical properties are given in the species description. Characteristics which could be used to differentiate strain SM1502
T from closely related species of the genus Flavobacterium are shown in Table 2 . Thus, on the basis of phylogenetic analysis of 16S rRNA gene sequences and chemotaxonomic and phenotypic characterization for strain SM1502 T , it is concluded that the strain represents a novel species of the genus Flavobacterium, for whch the name Flavobacterium arcticum sp. nov. is proposed.
DESCRIPTION OF FLAVOBACTERIUM ARCTICUM SP. NOV.
Flavobacterium arcticum (arc¢ti.cum. L. neut. adj. arcticum northern, arctic, referring to the site where the type strain was isolated).
Cells are Gram-reaction-negative, aerobic, non-flagellated, non-gliding, catalase-and oxidase-positive rods (approximately 0.8-1.5 µm in length and 0.4-0.5 µm in diameter). Colonies on TYS agar are yellow, mucoid, smooth and round (approximately 2-3 mm in diameter after incubation for 3 days at 25 C). Flexirubin-type pigments are not produced. Growth occurs at 10-40 C (optimum 25 C), at pH 6.0-7.5 (optimum pH 7.0) and with 0-8.0 % NaCl (w/v, optimum 0 %). Positive for hydrolysis of casein and Tweens 20, 40 and 60, but negative for hydrolysis of agar, DNA, starch and Tween 80. In API 20NE tests, positive for reduction of nitrate to nitrite, aesculin hydrolysis and gelatinase activity, but negative for indole production, urease, acid production from glucose, arginine dihydrolase, bgalactosidase and assimilation of D-glucose, L-arabinose, Dmannose, D-mannitol, N-acetylglucosamine, maltose, gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. Using API ZYM strips, activities of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase are detected, but activities of lipase (C14), trypsin, a-chymotrypsin, b-galactosidase, a-glucosidase, bglucosidase, a-galactosidase, b-glucuronidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase are not detected. The predominant fatty acids are iso-C 15 : 0 , iso-C 17 : 1 !9c, iso-C 15 : 1 G, C 15 : 0 , iso-C 17 : 0 3-OH and unknown ECL 13.565. The major respiratory quinone is MK-6 and the major polar lipid is phosphatidylethanolamine.
The type strain is SM1502 T (=KCTC 42668 T =CCTCC AB 2015346 T ) isolated from Arctic seawater. The genomic DNA G+C content of the type strain is 37.0 mol%. 
